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profiles were measured for Varian linac enhanced dynamic wedge (EDW) angles of 15°, 45° and 26 60° for field size 5x5 cm 2 . The PDD for 6, 12 and 20 MeV electron beams were performed for a 27 standard applicator providing 10x10 cm 2 field size.
28
Results: The signal ratio measured with MP512 reduces with increasing air gap above the detector. 29 The strongest effect of the air gap size was observed for small fields of 0.5x0.5 cm 2 and 1x1 cm 2 30 while the effect was negligible within ±2% (1 standard deviation) for field sizes larger than 4x4 31 cm 2 . The signal ratio measured with MP512 with air gaps of 0.5 mm and 1.2 mm showed a good 32 agreement with signal ratio measured with the EBT3 film (within ±2%) and MOSkin™ for 6 MV 33 and 10 MV, respectively. Similar results were observed for the PDD measurement for field size 34 5x5cm 2 and 10x10cm 2 . The PDD measured with M512 was in good agreement with Markus 35 Ionization chamber (IC) within ±1.6% (1 standard deviation) for 6 MV and ±1.5% (1 standard 36 deviation) for 10 MV. The PDD discrepancy for 2x2 cm 2 was within ±3% of the EBT3 for both 37 photon energies. The EDW dose profile matched well with the EBT3 for the air gap of 0.5 mm 38 within ±2% (1 standard deviation) for all wedge angles. The PDD measured by electron beams 39 demonstrated no significant effect of the air gap size above MP512 for all energies. The results 40 showed similar variations (within ±3%) compared to Markus IC for both 0.5 mm and 2.6 mm gap.
41

Conclusion:
The MP512 diode array was demonstrated to be suitable as an in-phantom dosimeter 42 for QA in small radiation treatment fields. The study shows that air gap size has a significant effect 43 on small field photon beam dosimetry due to a loss of electronic equilibrium. The small air gaps 44 of 0.5 mm and 1.2mm were the best air gaps for 6 MV and 10 MV, respectively. The effect of the 45 air gap in electron beam fields is not significant due to the fact that an electronic equilibrium is 46 fully established.
Keyword: silicon diode detector, air gap, photon beams 1. Introduction treatments. They simulated with Monte Carlo the response of an optically stimulated luminescent 74 dosimeter (OSLD) in a 6mm x 6 mm 6 MV photon field. A dose reduction of about 5% for an air 75 gap of 0.5mm upstream of OSLD relative to the simulation with no air gap was observed. A 0.2 76 mm air gap caused a dose reduction of more than 2%. The authors also noted that the thin air gap 77 can cause a significant reduction in the measured dose. The air gap can be useful for correcting the 78 response of non-water equivalent detectors in small field dosimetry. Charles et al [13] 79 demonstrated that silicon diode overresponse relative to water in small fields can be neutralised by 80 a small upstream air gap which depends on diode design and its packaging. That approach led to 81 the "air diode" concept for stereotactic dosimetry [14] .
82
The main aim of this study was to investigate the effect of the upstream air gap on the response 83 of MP512. Further to this was the optimization of the air gap to match the response of the MP512 84 to water in small field dose measurements for both photon and electron beams. The signal ratio 85 and the wedge beam profile of the MP512 with different sized air gaps upstream of the MP512 86 detector for 6 and 10 MV photon beams were measured in comparison with EBT3 films, the 87 MOSkin™, and an Ionization Chamber (IC). Extensive PDD measurements as a function of the 88 air gap upstream of the MP512 in photon and electron beams were also carried out. The air gap thickness between the PMMA slab and the PCB used in this study was adjusted 104 between 0.5mm, 1.0 mm, 1.2 mm, 2.0 mm and 2.6 mm from the PCB surface. Taking into account 105 the thickness of the silicon substrate is 470 µm, the actual air gap sizes above the MP512 for the studies described here were therefore 0.03 mm, 0.53 mm, 0.73 mm, 1.83 mm and 2.13 mm. The to find the measured absolute dose using the following equation after initial calibration in a 10 x10 cm 2 field at 1.5 cm depth [23].
169
Each measurement was the average of at least three repetitions of the same measure and error bars 170 were calculated as one standard deviation. The signal ratio responses were normalized to 10 x 10 171 cm 2 field size. 
173
The PDD profiles were acquired using different air gap sizes upstream of MP512 detector.
174
The air gaps used for the 6 MV photon beam was 0.5 mm and 2.6 mm and for the 10 MV photon 175 beam they were 1.2 mm and 2.6 mm. The MP512 was placed perpendicular to the direction to the 176 central axis (CAX) of the beam at an SSD of 100 cm for field size of 2 x 2 cm 2 , 5 x 5 cm 2 and 10 177
x 10 cm 2 . The PDDs were obtained by scanning the MP512 from a depth of 0.5 cm to 20 cm. The
178
PDDs were normalized to the MP response at the depth of dmax for all photon energies investigated.
179
For all irradiation geometries, 100 cGy was delivered with a 600 cGy/min dose rate. The PDD 180 measured by the MP512 with different air gaps were directly compared with the PDD response 181 measured by a Markus IC for field sizes of 10 x 10 cm 2 and 5 x 5 cm 2 while for the field size of 2 182 x 2 cm 2 the results were compared to the EBT3 films. Wedge beam profile measurements were done using a 5x5 cm 2 radiation field size which 185 was the smallest field the Linac can generate for wedge field. The MP512 was placed at a depth 186 of 10 cm in solid water phantom and aligned on the central axis of the beam. The EDW of 15°, 187 45° and 60° were generated by Varian Linac (model 2100IX). 100 cGy was delivered at 100 cm used as part of this particular study. To convert the MP512 response to the dose, the response of 190 the MP512 in a field size of 10x10 cm 2 was measure at dmax to deduce a calibration factor. The Figure 8 shows the beam profile measured in the wedge direction at a depth of 10 cm for 289 the MP512 with a 0.5mm and 2.6 mm air gap above the detector in comparison with EBT3 film.
290
The EDW dose profile matches well with the EBT3 for the air gap of 0.5 mm, within ±1% (1 SD), 291 except at the toe and heel region where the difference is within ±3% (1 SD) for all wedge angles.
292
The difference increases with increase the air gap size. For the 2.6 mm air gap, the difference on 293 the heel side was observed to be about ±10% (1 SD). 
Discussion
317
The results obtained in this study showed that the air gap cause a measurable dose reduction 318 for small radiation field sizes due to the loss in electron equilibrium. Based on these findings, we 319 have tried to optimize the air gap size for a 2D monolithic diode array detector 'MP512' for both 320 photon and electron fields. agreed to within 3% in the whole range of fields investigated (5 mm to 60 mm across). monolithic silicon detector by adapting the amount of air gap introduced on top of its active area.
351
As previously suggested by other authors, it would be necessary to verify that the introduced air 352 gap is appropriate under any beam energy and measurement condition [28] . Further study will be 353 dedicated to improving the current understanding of the relationship existing between the required 354 amount of air gap, detector design, beam energy and measurement condition. 
